S1. Polarization and intensity characterization of the bright and dark beams
Supplementary Fig. S1 lists the intensity and polarization distributions of the common bright and dark focal spots. The focused fields of linearly and circularly polarized beams form a solid spot and almost maintain the polarizations despite of the depolarization effect. Meanwhile, the tightly focused radially polarized beam shows a strong longitudinal field at its center and the transverse field presents radially polarized. For the azimuthally polarized beam, the focused field is purely transverse and azimuthally polarized. It is hard to find a solid bright spot to have the matched polarizations. Fortunately, circular polarization still dominates in the focal field when a vortex 0-2π phase is used to modulate the circularly polarized beam. Therefore, a circularly polarized and a circularly polarized vortex beam may satisfy the requirements of the bright and dark beams for SHG imaging. accounts for only a small portion of the total intensity, less than 6% of the total intensity for the bright focal field and almost 10% for the dark focal field.
Considering the intensity-squared dependence of SHG excitation, the longitudinal components will contribute less in the excitation. the factor γ, the resolution and contrast will be further enhanced. However, the subtraction process will inevitably produces negative values around the objective since the intensity distributions of the two focal spots are not ideally matched. This has no effects on the imaging if the sample is sparse. But when we image high-density samples, large negative values caused by the high γ value will deteriorate the quality of information. A compromise should be made between the resolution enhancement and image quality according to the experiments. When the γ factor is larger than 0.5, the resolution enhancement is not so evident while the absolute value of the minimum negative value increases dramatically. Thus a γ factor around 0.5 is optimal to achieve modest resolution enhancement and at the same time ensure the image quality in our experiments. 
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